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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a glass composition which has a strain point and 
expansion coefft. suitable for a glass substrate of a plasma display panel and which can be 
molten and formed by a floating method. 

SOLUTION: This composition comprises, by wt.%, 50 to 54.9 Si02, 10.5 to 18 AI203, 1 to 6 
Zr02, 0 to 3 B203, 0 to 1 Li20, 0 to 10 Na20, 0 to 15 K20, 0 to 8 MgO, 4 to 8 CaO, 0 to 4 
SrO, 3 to 12 BaO, 0 to 3 Ti02, 0 to 2 ZnO, 0 to 1 S03+Sb203, >70.1 Si02+AI203+Zr02, 6 to 
19 Li20+Na20+K20, and 10 to 19 MgO+CaO+SrO+BaO. The composition has 75 to 95*10- 
7/°C average expansion coefficient from 50°C to 240°C, >650°C transition temp., <1 ,600°C 
melting temp., <1,135°C devitrification temp, and the devitrification temp, is lower than the 
working temp. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It displays by weight % and is the following presentation. SiQ2: 50-54.9aluminum2O3: 10.5- 
18Zr02: 1-6B-203: 0-3Li2O: 0-lNa2O: 0-10K2O: 0-15MgO: more than 0-8CaO:4-8SrO:0-4BaO:3- 
12TiO2:0-3ZnO:0-2SO3+Sb2O3:0-lSiO^ 

MgO+CaO+SrO+BaO:10-19 - and A heat-resisting-glass constituent whose transition point an average 
expansion coefficient of 50-350 degrees C is 75 - 95xl0-7/degree C, and is 650 degrees C or more. 
[Claim 2] A heat-resisting-glass constituent according to claim 1 with which melting temperature is 
characterized by 1600 degrees C or less and devitrification temperature having 1 135 degrees C or less 
and devitrification temperature lower than working temperature. 

[Claim 3] It displays by weight % and is the following presentation. Si02: 52.5-54.5aluminum203: 
11.0-15ZrO2: 2.5-5.5B-203: 0-2U2O: 0-0.5Na2O: 4-7K20: 4-10MgO: more than 0-6CaO:4-7SrO:0- 
4BaO:4-9TiO2:0-lZnO:0-lSO3+Sb2O3:0-lSiO2+aluminum2O3-fZrO2:70.5Li2 0+Na2 0+K20:9-15 
MgO+CaO+SrO+BaO: 12-1 9 - and A heat-resisting-glass constituent according to claim 1 or 2 
characterized by for an average expansion coefficient of 50-350 degrees C being 80 - 90xl0-7/degree C, 
and the transition point being 660 degrees C or more. 

[Claim 4] A heat-resisting-glass constituent according to claim 1 to 3 characterized by making specific 
gravity or less into 2.75. 

[Claim 5] A plasma display panel which has a substrate which consists of a heat-resisting-glass 
constituent according to claim 1 to 4. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the glass constituent suitably ' 
used as glass substrates, such as displays, such as a liquid crystal display panel, an electroluminescence 
display panel, a plasma display panel (it is called Following PDP), a field emission display panel, and a 
fluorescent indicator tube, especially a substrate for PDP about the heat-resistant glass constituent which 
has the transition point higher than an expansion coefficient comparable as the glass of a soda lime silica 
presentation used as a windowpane for construction, and the transition point which the glass has. 
[0002] 

[Description of the Prior Art] As for the presentation of the glass substrate used for a display, various 
constituents are indicated according to the format of a display . PDP attracts attention by the large area as 
a display for wall tapestry Hi- Vision TV of a direct viewing type, and, as for the glass substrate for PDP, 
the glass plate of the soda lime silica presentation for general construction has been used conventionally. 
At the manufacturing process of PDP, hot heat treatment of the range of 500-600 degrees C is made at 
the production process which performs baking of the electrode to a glass substrate top, formation of a 
dielectric, formation of a septum, formation of a fluorescent substance, etc. 

[0003] In case the heat shrink of the glass substrate generated in these heat treatment processes sets the 
pattern of a display at degree production process, it causes a location gap at the time of making the glass 
substrate on a side front, and the glass substrate on a background rival. For this reason, in order to 
manufacture large-sized or high definition PDP, it is required to manage the value of the rate of a heat 
shrink of a glass substrate and its dispersion. Since an insulating paste, a sealing frit, etc. are used for the 
further above-mentioned heat treatment, it is required that these and coefficient of thermal expansion 
should match a glass substrate, for this reason, the average coefficient of thermal expansion of 50-350 
degrees C of a glass substrate - about 75-95x1 0-7/degree C —80 - 90xl0-7/degree C is required 
preferably. In order to make small contraction of the size of the glass by heat treatment, it is necessary to 
use the high glass of the transition point. 

[0004] Although the alkali- free-glass substrate used for a liquid crystal display has the high transition 
point, since the expansion coefficient is small, it does not fit the use of PDP. Although the glass of the 
above-mentioned soda lime silica presentation used conventionally is manufactured on the other hand 
with the float glass process (how to slush dissolution glass on tin bath and fabricate it to tabular) which 
can manufacture the glass plate of a large area cheaply in large quantities and the value of an expansion 
coefficient fills the demand for PDP, the transition point is about 550 degrees C, and if 500-600-degree 
C heat treatment is performed, a big heat shrink will be produced, and it cannot be told to large-sized or 
high definition PDP that it is not necessarily suitable. It is because heat deformation cannot take place 
easily that a glass transition point is higher than the heat treatment temperature at the time of PDP 
manufacture 50 degrees C or more. 

[0005] In order to solve the above-mentioned trouble, the glass constituent with which the expansion 
coefficient was [ the transition point ] suitable for the use of PDP above 660 degrees C is indicated by 
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JP,9-255355,A, JP,9-255356,A, JP,9-301732,A, and JP,9-301733,A. 

[0006] Since [ with little Si02 ] the glass currently indicated by JP,9-255355,A and JP,9-255356,A has 
many alkaline earth oxides, devitrification temperature is quite higher than working temperature, 
shaping by the float glass process is difficult for it, and since specific gravity is over 3.0, it is not 
practical as a substrate for PDP. Moreover, the glass of the indication to JP,9-301732,A or JP,9- 
301733,A has light specific gravity, and although devitrification temperature is lower than .the transition 
point, since melting temperature is near and working temperature is 1200 degrees C or more, it is 
difficult [ it ] for 1700 degrees C at a float glass process melting and to fabricate. 
[0007] 

[Problem(s) to be Solved by the Invention] This invention makes it a technical problem to obtain the 
glass constituent which has the thermal resistance which was obtained in order to solve the trouble 
which the above-mentioned glass constituent has, was suitable for melting by the float glass process, and 
shaping, and was especially suitable for PDP, and an expansion coefficient. 
[0008] 

[Means for Solving the Problem] Claim 1 is displayed by weight % and is the following presentation. 
Si02: 50-54.9aluminum2O3: 10.5-18ZrO2: 1-6B-203: 0-3Li2O: 0-lNa2O: 0-10K2O: 0-15MgO: more 
than 0-8CaO:4-8SrO:0-4BaO:3-12TiO2:0-3ZnO:0-2SO3-hSb2O3:0- 

1 SiO2+aluminum2O3+ZrO2:70. lLi2 0+NaaO+K20:6-l 9 MgO+CaO+SrO+BaO: 1 0-19 - and It is the 
heat-resisting-glass constituent whose transition point an average expansion coefficient of 50-350 
degrees C is 75 - 95xl0-7/degree C, and is 650 degrees C or more. 

[0009] Claim 2 is characterized by melting temperature of glass having [ 1600 degrees C or less and 
devitrification temperature ] 1 135 degrees C or less and devitrification temperature lower than working 
temperature in claim 1 . 

[0010] Claim 3 is displayed by weight % in claims 1 or 2, and is the following presentation. Si02: 52.5- 
54.5aluminum203: 11.0-15ZrO2: 2.5-5.5B-203: 0-2Li2O: 0-0.5Na2O: 4-7K20: 4-10MgO: more than 
0-6CaO:4-7SrO:0-4BaO:4-9TiO2:0-lZnO:0-lSO3+Sb2O3:0-lSiO2+aluminum2O3+ZrO2:70.5Li2 
0+Na2 0+K20:9-15 MgO+CaO+SrO+BaO:12-19 » and It is characterized by for an average expansion 
coefficient of 50-350 degrees C being 80 - 90xl0-7/degree C, and the transition point being 660 degrees 
C or more. 

[001 1 ] Claim 4 is characterized by making specific gravity or less into 2.75 in either of claims 1-3. 
[0012] 

[Embodiment of the Invention] The reason for presentation limitation in this invention is as follows. 
Si02: Si02 is the network former of glass. At less than 50 % of the weight, the transition point of glass 
becomes low. On the other hand, at 55 % of the weight or more, dissolution nature worsens and shaping 
with a float glass process becomes difficult. Therefore, 50 - 54.9 % of the weight and further 52.5 - 
54.5% of the weight of a range is used suitably. 

[0013] aluminum203: aluminum 203 is a component effective in getting the transition point of glass. At 
less than 10.5 % of the weight, the transition point of glass falls, and if 18 % of the weight is exceeded 
on the other hand, devitrification will become easy to take place. Therefore, 10.5 - 18 % of the weight 
and further 11- 1 5% of the weight of a range is used suitably. 

[0014] Zr02: Zr02 is a component effective in getting the transition point of glass like aluminum 203. 
Moreover, there is an operation which suppresses generating of devitrification compared with aluminum 
203. At less than 1 % of the weight, the effect of the improvement in the transition point of glass is not 
seen, but if 6 % of the weight is exceeded on the other hand, it remains as a non-dissolved component in 
melting glass. Therefore, 1-6 % of the weight and further 2.5 - 5.5% of the weight of a range is used 
suitably. 

[0015] Improvement in weatherability is aimed at by making the content of 
Si02+aluminum203+Zr02:Si02-faluminum203+Zr02 into 70.1 % of the weight or more. It is 
desirable to consider as 70.5 more % of the weight or more. 

[0016] B-203: Although B-2 03 is not an indispensable component, it is effective on a dissolution 
disposition. However, if 5 % of the weight is exceeded, coefficient of thermal expansion will become 
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small. Therefore, further 0 - 2 % of the weight is used suitably zero to 5% of the weight. 

[0017] Although Li2 0:Li20 is not an indispensable component, it is effective on a dissolution 

disposition. However, if 1 % of the weight is exceeded, the transition point of glass will fall too much. 

Moreover, devitrification becomes easy to take place by the interaction with aluminum 203. Therefore, 

0 - 1 % of the weight and further 0 - 0.5% of the weight of a range, is used suitably. 

[0018] Although Na2 0:Na20 is not an indispensable component, it is effective also in making an 

expansion coefficient it to be not only effective on a dissolution disposition, but increase. Furthermore, 

the volume resistivity of glass is raised by the interaction with K20. Moreover, unlike Li20, it is 

[ devitrification ] lifting-easy with an interaction with aluminum 203, and does not carry out. However, 

if 10 % of the weight is exceeded, the transition point will fall too much. Therefore, 0 - 10 % of the 

weight and further 4 - 7% of the weight of a range is used suitably. 

[0019] Although K2 0:K20 is not an indispensable component like Na20, it is effective also in making 
an expansion coefficient.it to be not only effective on a dissolution disposition, but increase. 
Furthermore, the volume resistivity of glass is raised by the interaction with Na20. Moreover, unlike 
Li20, it is [ devitrification ] lifting-easy with an interaction with aluminum 203, and does not carry out. 
However, if 15 % of the weight is exceeded, the transition point will fall too much. Therefore, 0 - 15 % 
of the weight and further 4 - 10% of the weight of a range is used suitably. 

[0020] Li2 0+Na2 6+K2 0:Li2 CH-Na2 0+K20 is related to especially the total quantity making an 
expansion coefficient increase with regards to dissolution nature. At less than 6 % of the weight, an 
expansion coefficient becomes [ the total quantity ] small, and devitrification becomes easy to take 
place. On the other hand, if 19 % of the weight is exceeded, the transition point will fall or 
devitrification will become easy to take place. Therefore, 6 - 19 % of the weight and further 9 - 15% of 
the weight of a range is used suitably. , 

[0021] Although MgO:MgO is not an indispensable component, it is effective in it being not only 
effective on a dissolution disposition, but getting the transition point. However, if 8 % of the weight is 
exceeded, devitrification will become easy to take place. Therefore, 0 - 8 % of the weight and further 0 - 
6% of the weight of a range is used suitably. 

[0022] CaO:CaO is effective in it being not only effective on a dissolution disposition like MgO, but 
getting the transition point. Less than 4 % of the weight is not enough as the effect. On the other hand, if 
8 % of the weight is exceeded, devitrification will become easy to take place. Therefore, 4 - 8 % of the 
weight and further 4 - 7% of the weight of a range is used suitably. 

[0023] Although SrO:SrO is not an indispensable component, it is effective in it being not only effective 
on a dissolution disposition, but getting the transition point. However, specific gravity becomes large 
while devitrification will become easy to take place, if 4 % of the weight is exceeded. Therefore, 0 - 4% 
of the weight of a range is used suitably. 

[0024] BaOiBaO is effective on a dissolution disposition. However, less than 3 % of the weight is not 
enough as the effect. On the other hand, specific gravity will become large if 12 % of the weight is 
exceeded. Therefore,. 0 - 12 % of the weight and further 4 - 9% of the weight of a range is used suitably. 
[0025] MgO+CaO+SrO+BaO:MgO+CaO+SrO+BaO is related the dissolution disposition top of glass. 
At less than 10 % of the weight, desired dissolution nature is not obtained with the total quantity. On the 
other hand, it will become easy to devitrify if 19 % of the weight is exceeded. Therefore, 10 - 19 % of 
the weight and further 12-1 9% of the weight of a range is used suitably. 

[0026] Ti02: Although Ti02 is not an indispensable component, an effect is in the improvement in 
chemical durability. Since glass will color if 3 % of the weight is exceeded, it is not desirable. Therefore, 
0 - 3 % of the weight and further 0-1% of the weight of a range is used suitably. 
[0027] Although ZnO:ZnO is not an indispensable component, it is effective on a dissolution 
disposition. However, if 2 % of the weight is exceeded, volatilization will shorten the life of a glass 
melting furnace greatly. Therefore, 0 - 2 % of the weight and further 0 - 1 % of the weight of a range is 
used suitably. 

[0028] Although S03+Sb2O3:S03+Sb 203 is not an indispensable component, it is used as a clarifier. 
As the amount used, 1 or less % of the weight is desirable. 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web__cgi_ejje 2/9/2004 



Page 4 of 5 



[0029] In this invention, in order to adjust the permeability of glass and to raise the display contrast of 
PDP, oxides, such as V, Cr, Mn, Fe, Co, nickel, Cu, Mo, Ru, and Ce, may be added as a coloring 
component. 

[0030] In order to make it match with expansion coefficients, such as a sealing frit used when 
manufacturing PDP, it is required fojrthe average expansion coefficient of 50-350 degrees C to be 75 - 
95xl0-7/degree C. The range of further 80 - 90xl0-7/degree C is desirable. Moreover, in order to press 
down the heat shrink in heat treatment in the manufacturing process of PDP below to tolerance, 650 
degrees C or more are required for the transition point, and its 660 degrees C or more are desirable. 
[0031] Next, an example and the example of a comparison explain this invention. 
Raw materials for glass were prepared so that it might become the target system of a table 1 about an 
example glass component. At this time, Glauber's salt was used as a clarifier. The prepared batch was 
thrown into the crucible, and at i600 degrees C, it fused for 4 hours, and it is being begun to carry out 
back wash and cooled. Thus, the melting temperature (temperature with a viscosity of 102P) of the 
obtained glass sample, working temperature (temperature with a viscosity of 104P), devitrification 
temperature, an expansion coefficient, and the transition point were measured. 
[0032] It was made for measurement of melting temperature and working temperature to be the 
following. Glass was put into the 70 cc platinum crucible, and it fused at 1600 degrees C, and 
considered as the measurement sample. This sample was set in the sample reduction type elevated- 
temperature viscosity measuring device, the platinum ball was hung in the melting glass of a sample, 
when reducing a sample the whole container, the viscous drag concerning a platinum ball was measured 
as a load, and it asked for the viscosity in each temperature. The relation between temperature and 
viscosity was measured in the 900-1600-degree C temperature requirement. 

[0033] It was made for measurement of devitrification temperature to be the following. 25g of glass 
grains which ground glass and stopped on the 1000-micrometer sieve through the 2830-micrometer 
sieve is measured, the boat made from platinum with width of face of 12mm, a length [ of 200mm ], and 
a depth of 9mm is covered with the above-mentioned glass grain, and it holds for 2 hours in the furnace 
by which a temperature setup was carried out so that it might have a suitable temperature gradient for 
the length direction of a boat. After carrying out natural radiationnal cooling of the platinum boat taken 
out from the furnace, the 50 times as many telescope as this was used, the glass on a platinum boat was 
observed, and it considered as devitrification temperature with the maximum temperature which 
devitrification has generated. 

[0034] It was made for measurement of an expansion coefficient to be the following. The rod of the 
shape of a cylinder with a diameter [ of 5mm ] and a height of 1 5mm was produced, from 25 degrees C 
to the yield point of glass, temperature and the relation of the elongation of glass were measured and the 
expansion coefficient between 50 degrees C and 350 degrees C was measured. 

[0035] It was made for measurement of the transition point to be the following. The tangent was drawn 
before and behind the folding point of the beginning of the expansion curve at the time of expansion 
coefficient measurement, and temperature equivalent to the intersection of two tangents was made into 
the transition point. 

[0036] The measurement result of each property was shown in a table 1 . As shown in a table 1 , the 
melting temperature of each glass constituent of an example 1 - an example 6 is less than 1600 degrees 
C, and the relation between working temperature (Tw) and devitrification temperature (Tl) is Tw- 
Tl>=15 degree C. Moreover, the transition point of glass was 660 degrees C or more, and the average 
expansion coefficient of 50-350 degrees C was 80 - 90xl0-7/degree C. That is, these glass presentations 
had good matching with expansion coefficients, such as a sealing frit used at the time of manufacture of 
PDP, and it became clear that it was suitable as a glass substrate of displays, such as PDP. 
[0037] In addition, the cable address of a table 1 and a table 2 is as follows. 
N. W.F(network former) =Si02+aluminum203+Zr02R2 0=Li2 0+Na2 
0+K20R'0=MgO+CaO-hSrO+BaO [0038] 
[A table 1] 

= = ■■ = = 1 item An example 1 2 3 4 5 6 ~~ 
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Melting temperature (degree C) 1587 1562 1562 1583 1592 1564 working temperature (degree C) 

1 156 1 147 1 163 1 164 The 1 180 1 164 transition point (degree C) 671 669 683 687 669685 
devitrification temperature (degree C) 1112 1110 1113 1115 11 02 1121 expansion coefficients (xlO- 

7/degree C) 86.4 88.3 85.982.6 88.084.6 specific-gravity (g/mm3) 2.712.74 2.72 2.74 2.71 2.73 

Si02 53.5 53.0 54.0 53.0 54.0 54.0aluminum 2O314.0 13.0 13.0 13.0 12.0 

13.0ZrO2 3.0 5.0 5.0 5.0 5.0 4.0 B-2s 03 0.0 0.0 0.1 0.0 0.0 0.0Li2O 0.1 0.0 0.0 0.0 0.0 0,0Na2O 5.4 
6.0 5.5 5.0 4.5 5.0K2O 5.0 5.5 5.5 6.0 7.5 S.OMgO 3.52.5 4.02.0 5.0 4.4CaO 4.04.0 4.46.0 4.0 4.5SrO(s) 
3.5 4.0 3.5 3.51.0 4.0BaO 8.07.0 5.0 6.4 7.0 6.0TiO2 0.00.0 0.00.1 O.OO.OZnO 0.0 0.0 0.0 0.0 
0.00. IN. W.F 70.5 71.0 72.0 71.0 71.0 71.0R2O 10.5 11.5 11:0 11.0 12.0 10.0 R'O 19.0 17.5 16.9 17.9 

17.0 18.9=™= =_= -= [0039] 

[A table 2] 

= = - == item Example 1 of a comparison Example 2 of a comparison 

Example 3 of a comparison The example 4 of a comparison Melting 

temperature (degree C) 1222 1256 1690 1663 working temperature (degree C) 924 951 1220 The 1203 
transition points (degree C) 666 670 675 660 devitrification temperature (degree C) 1321 1265 1 197 
1 188 expansion coefficients (xlO-7/degree C) 82.0 87.0 87.0 81.0 specific gravity (g/mm3) 3.05 3.42 

2.422.50 Si02 43.0 37.062.8 63.4aluminum 2O39.0 12.0 16.57.9ZrO(s)2 0.00.0 

0.00.0 B-2 03 0.0 0.0 0.0 0.0Li2O 0.0 0.0 0.0 0.0Na2O 1.0 1.0 6.7 1.9K20 0.0 0.0 10.2 13.2MgO(s) 7.5 
5.0 3.4 3.8CaO(s) 7.5 5.0 0.3 7.8SrO(s) 16.0 20.0 0.0 0.8BaO(s) 16.0 20.00.0 1.2Ti02 0.0 0.0 0.0 
O.OZnOO.O 0.0 0.0 0.0N.W.F 52.0 49.0 79.3 71.3R20 1.0 1.016.9 15.1 R'O 47.0 50.0 3.7 
1 3 .6============= [0040] The glass constituent of the example 1 of a 

comparison shown in the example table 2 of a comparison - the example 4 of a comparison was 
produced by the same method as an example, and the melting temperature of the obtained glass sample, 
working temperature, devitrification temperature, the transition point, and coefficient of thermal 
expansion were measured. Each property was measured by the same method as an example. It is glass 
which the glass of the example 1 of a comparison and the example 2 of a comparison is a presentation 
currently indicated by JP,9-255355,A and JP,9-255356,A, respectively, and devitrification temperature 
is high 200 degrees C or more to working temperature, and is easy to devitrify, and it turned out with the 
float glass process, that melting and fabricating are difficult glass. Moreover, specific gravity is over 3.0 
and it turned out that it is not desirable as glass for PDP with which lightweight-ization is demanded. 
[0041] On the other hand, although devitrification temperature of specific gravity is low small to 
working temperature at the presentation currently indicated by JP,9-301732,A and JP,9-301733,A, 
respectively, since melting temperature is [ working temperature ] 1200 degrees C or more at about 1700 
degrees C, the glass of the example 3 of a comparison and the example 4 of a comparison is difficult 
melting by the dissolution furnace of a float glass process. 
[0042] 

[Effect of the Invention] Since the transition point is high, the glass constituent of this invention can 
control small the amount of heat shrinks of the glass produced by heat treatment received by the PDP 
manufacturing process, when it uses as a glass substrate for PDP. For this reason, the thermal stability of 
the size of glass required for large-sized or high definition manufacture of PDP is securable. Moreover, 
the glass substrate which consists of a glass constituent of this invention has good thermal matching 
with members, such as a glass frit already used for manufacture of PDP since the value of an expansion 
coefficient is predetermined within the limits, and PDP which is reliable by an airtight etc. can be 
manufactured. 

[0043] Furthermore, since melting temperature, devitrification temperature, and working temperature 
are chosen as the predetermined range, the glass constituent of this invention can be fused without 
producing melting defects, such as devitrification object generation, with a float glass process, and can 
fabricate it to tabular. 



[Translation done.] 
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(57) [^1] 

i : 5 0 ~ 5 4 . 9, AhOa : 10. 5~ 1 8 > 
ZrOi : 1~6. B2O3 : 0~3» LhO: 0~1> 
Na 2 0: 0~1 0, K2O : 0~1 5, MgO: 0~ 
8, CaO: 4~8. SrO: 0 — 4. BaO : 3~1 
2, TiOi : 0~3, ZnO: 0~2> SOs + Sb* 
Os : 0—1, S i O2+A I2CX + Z r0 2 : 7 0. 1 
SLt. L UO+N. 2O+K2O : 6~1 9, MgO+ 
. ■ CaO+SrO + Ba'O: 10-19, ^ 50 — 3 

5 0X:<D^t%&m$Z&7 5-9 5X1 0 7 /"C, 
&6 5 0 c C£Lh. ^ffiaS^l 6 0 CCeTF, 
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S i O2 : 5 0 — 54. 9 

A I2O3 : 1 0. 5-18 

Z r O2 : 1 — 6 

B2O3 : 0 — 3 

L i 2 O : 0-1 

Na 2 0 : 0—1 0 

K2O : 0— 1 5 

MgO : 0—8 

C aO : 4—8 

S r O : 0 — 4 

BaO : 3—1 2 

T i O2 : 0 — 3 

Z nO : 0 — 2 

SOa +S b 2 0 3 : 0—1 

Si02+Ah03+Zr0 2 : 7 0. 1 $Lt 

L i 2 0 + Na.O-hK 2 0 : 6 — 1 9 

MgO+CaO+S rO + BaO: 10—19 

dO. 5 0-3 5 0tOT^W7 5 — 9 5X1 0 

m^m 2 1 1 e 0 or£TF. *kSMm& 

1 1 3 5wf. %m&mymmm&K>ib&^£$: 

S i O2 : 5 2. 5 — 54. 5 

A 1 2 Os : 11. 0—15 

Z r 0 2 : 2. 5 — 5. 5 

B2O3 : 0 — 2 

L i 2 O : 0 — 0. 5 

Na z O : 4 — 7 

K2O : 4— 1 0 

MgO : 0-6 

CaO : 4—7 

SrO: 0—4 

BaO: 4—9 

T i O2 : 0—1 

ZnO : 0—1 

SOa +Sb 2 0 3 : 0—1 

S i O2+A 1 2 0 3 + Z r0 2 : 7 0. 5£U: 

L i 2 0 + Na 2 0 + K 2 0 : 9— 1 5 

MgO + C a O + S r CH= BaO : 1 2 — 19" 

do, 5 0-35 OtOT^if^^ 0-90X10 

~ 7 /^C. «^^6 6 OV!^T?&Z>Zii&*mtTZ> 

m^m 1 ttit 2 \-mz<Dmfmtf77.mjmo 
m^m 5 ] m^m 1 - 4 ©urn#>KiiB*©iMfcft 
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[0001] 

[0 0 0 2] 

f^£zfmytfcom&g$ : £ftorm^ 5 o o~6 o o 
[0003] znz<Dt$MimxMem±-?z>jf : 7x&& 

£>. **^7.S^CD5 0~3 5 0*C(7)^^!^i^i, 7 
5~95X1 0"'/C|i, $f^L<fS8 0-90X1 

o- 7 / < c^qi^ti-5.„ mmiz^^x(D^m(DiR 

[0004] ^^^fi^fflt.^n-i)^^^';**^ 
PDPofla^^sii$^:t/i„ — G&m^ztiTgrz. 

ti5 5 ox:mm.-?$><o . 5 o o~6 o ov&mim&ft 
p d PimBto^soaasi o t> 5 o'cjEUifS^^ t 
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[0 0 0 5] JJE©raBft**8rt-*fc»K:, 
-255 355§ / ^ 5 5 3 5 

I8> W9-30 1 7 3 2^3£& = fctf#|iB :s F9-3 
0 1 7 3 3 6 O'CfiLhTffi^^ 

^pdp <DMmzmvrc.tr? z®j$M>tfffl7ii-£tiT^ 

[0 0 0 6] fflg¥-9-2 5 5 3 5 5 -i§£3SK>#HPF 9 
-255 3 5 6W^izm^tlT^^^it. S i 

02 tM>t$.< 7)1* U±S«fblft&^sfc«>> W 

b<, Jt»#3. OZMZ.T^Z>fc#>PDPmg 

mtVTiZMM&T-tefc^o Wife. 0 17 

3 2*§&#W$H¥9 - 3 0 1 7 3 3-^^ffCii^CD^ 

jgjttB&Pi 7 oo t c(ciff<. f^aaawu 2 o ocet 

[0 0 0 7] 

[0 0 08] 

S iOa : 50~54. 9 

A 1 2 O3 : 10. 5~1 8 

Z r O2 : 1 ~ 6 

B2O3 : 0~3 

LUO: 0~1 

Nai O : 0~ 1 0 

K2O : 0~1 5 

MgO : 0~8 

C aO : 4~8 

S rO : 0~4 

BaO: 3 ~ 1 2 

T i O2 : 0~3 

Z nO : 0~2 

SOs +S bz O3 : 0~1 

S iOi+AhOs+ZrOi : 7 0. l£Lh 

L i iO+Na. O+K2Q :_6~1 9, _ - - 

MgO+CaO+S rO+BaO : 10-19 

j&O, 5 0~3 5 0T:(DTiWnW7 5~9 5X10 

[0 0 0 9] »^B2fi, f|3&>B lK^T, tfvXCD 

muttf 1 6 0 o'cetf. 113 5 w 

[0 0 1 0] 111389 3 & K3*ffll*fcH2K^iT. 
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S i O2 : 5 2. 5~54. 5 

A 1 2 Os : 11. 0~1 5 

Z r O2 : 2. 5~5. 5 

B2O3 : 0~2 

L i 2 O : 0~0. 5 

Na 2 O : 4~7 

K2O : 4~1 0 

MgO : 0~6 
10 CaO : 4~7 

S r O : 0~4 

B aO : 4~9 

T i O2 : 0 ~ 1 

ZnO : 0~1 

SOs +Sb 2 03 : 0~1 

S i O2 +A I2O3 +Z rOi : 7 0. 5£U; 

L i 2 0+Na2 0+K2 0 : 9~1 5 

MgO+CaO+S rO+BaO : 12~19 

#0, 5 0~3 5 CCO^^IWS 0~9 0 X 1 0 
20 -'/"C, ^^#6 6 O'CRii-^S.-S^i^il^fr 

[0 0 11] §S*B4^ §S^c3Bl~3CDI/i-rn^(C*5 
t/iT> Jtfi£2. 7 5OT£L&;i£**$«fcLT^ 

So 

[0 0 1 2J 

[5m<z>mm<Dmm xmstzt&tzmtssBs&mMUk 

S i O2 : S i CMitf^XCO^y h >7— ^ 7 V— T? 

*-&o 5 0 a«x5tssma^f 9^ffl*5^^*«fi< 

i47 — 7j , 5 5 fi«X£Uilf JSttaWt** <&9:7D-h*fe 
^<Dm&t)W!&\ZtS.Z>o T 5 0 ~ 5 4 . 9 Sl % „ 
£££{£5 2. 5~54. 5MM%<»Wmt&fT&zm^ 

[0013] AI2O3 :A1 2 03 \tiSyX<D^^± 
ifZ><D\Z^%bti.fm-V$>Z> 0 1 0. 511%*«T(^ 
770^^sCFl- - 77 1 8MS%£M*-<5<*:#ai 
^^1-<*5. t^TlO. 5~18fi»%, £ 

e>fc,*i i~i smM%(DmmtiWMzm^ti^ 

[0 0 14] Z r O2 : Z r O* \ZA 1 2 O3 tl^tC**^ 
2 O3 Ctt^T*a©fS±*«IA*fPffld«**. 1 ttg% 

#f-5o S£r>Tl~6fl»%. ^e.tC«2. 5~5. 5 

mm%(Dmmi)Vimizm^<otiz>o 

[0 0 15] S i O2 +A I2O3 + Z r O2 : S i O2 + 
AhO3 + ZrO 2 0^tlS:7O. 1 Wk%SLtf? 
&Z\£LlZ&K>ffim&V>ft±&m*Z>o 2<c>\ZU7 0. 5 

so [0 0 1 6] b 2 o 3 : b 2 03 iti&m&fr'zit&i'W* m 
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~ 2 mm%fiwm\zm 

[0017] L i 2 O : b i 2 O^^fifc^T^t/i^ 

$ ^ tciti o ~ o . 5 wm%<Dffimi)WM]zM^ e> 

[0018] N a 2 O : N a 2 Of i&^J5E#-T?f£ftt^#*g 10 

m^^z^wm-^n. < , Bfemzmu^&oxz 

®#s^KSr|6]±^i±-5o Li 2 Oi(3mOA 
hOs t<Di®M&m\Z&.V)%&$:mz\\sB l <-?Z>Z\£.\-l 
U5>b, 1 0 Mfi% £@A-5 i^^M£T bT 

[0 0 19] K.O : K* 0\$N a, O tm&iZi&mj&ft 

m\z&r)jj7X<Dffim&i : $:fil±-£l±&. Li 2 
O<fcteS&0, Aha tCDffiSf^fflJCiD^Sr^^ 

uB<-r-5^<fcf^^ bd>u 1 5mm%$Mx-z>t 

(4 4 ~ l o fl% cDlSffl^^^fciffl i^ns. 

[0 0 2 0] Li ! 0+Na 2 0+KiO:Li ! 0+Na 
2 O+K* Ofi^ttfCgl^b, ^©^ttSSlfCfflK^ 

-)s i 9 m»% ^® y^&aMST-rs^ & b < & 

*aWgi»W>t<45. ^T6~19M*%, $6, 
[0 0 2 1] MgO : MgO}3j&mj&fr~?\3J3;WW& 

Vkft±izm$bT*&z>m^K)-ete<. ^M^±if^><D\z 

%<Dmm&9mizm^ 

[0 0 2 2] CaO : C a.O\^M.gOtmB\ZiUM^l 

4Sa%*#mi^©$^H-#T?fi&Vi„ — 4? 

^- 4^-8jtt%, 4-~ 7 s&% amuwR&ic - - 

[0023] SrO:Sr O ,&&^J&#Tte& <# W&ffi- 

\&fa±.\zmbT>$>Z>\£t)^K>T*te<. im&*±tfZ><D\z 

[002 4] BaO:Ba OJSJftW4iai±fC*3»T?* 
-So b#>b, 3 WM%*zffin? }t J t<>>%bmZ-+ft'Z\3f3: SO 
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Vi. — 1 2fi*%€*A*£Jfc«a**:*<&So fit 
oT0~l 2Sg%. $e,tfJ4~9a»%OigHd^F 

[0 0 2 5] MgO+CaO+S rO+BaO : MgO 
+ CaO+S rO+BaO\Zfi7X<Dffi%®tf>l-kiim& 

-r-s. ^fta-ci o mm%&ffi-?\mmv>@ffi&)m e. 

ttfclr*. — l 9S*%^^£<fc£^b^<;5:-5. 
3£oTl 0~1 9tt*%, £6K:t£l 2~1 9fi»%GD 

[0 0 26] T i 0 2 : TiCh f3^fi£#-?f&5:^;Wt 

7.d^*fe-r-5CD-e^b< t&\ t¥oTo~3aa%. 

2 s trii o ~ i nm%v>$m?)*tm\zm^ en-So 

[0027] ZnO:Z nO^^fi^Tfi^l^^ 

14loI_hi'^)T*-5o b*b, 2aa%^®A§t, » 

2M»%, $e>fcfio~iM«%{DigH^^{^^e> 

[0 0 2 8] S0 3 + Sb 2 O s : S Os + S b 2 Os f3j&^ 

,i l «*96JBTF)Wf ii b 

[0 0 2 9] ^HBJtc^Tte, #77»<Dj®&££PI& 
Mn. Fe, Co, N i , Cu, Mo, Ru, Ce 
[0 0 3 0] PDPSr®Bg-r-5t*tfflti-5v— U>y 

7»j v vm<mm^tr?v : f-y>fttz>tdtb\z. 5 o~ 

3 5 0t;®¥££IBS%P7 5~9 5X 1 O^/CT?** 
Ci*tjE55TP*-5. $5ilH8 0~9 0X10- 7 /T(D 
feffid^FSbW, ^fcPDP^SKilS^i&^TfQ 

orfiLbSt&ST&D, 6 6 0*C£Lbi^f^b«/io 
[0 0 3 1] Mz. *mi&$mM£itt&M\z&r)mm 

VrzJ^y^)Vy^\zW^^ 1 6 0 0*C"^4I^IBasH 

b^gSbffibTJ^b^io dOJ;5ic:bT#"Sn/c^f 

tas (3te*i o ( ^7Xffli® , mm* 
[0032] mmiMm&£mmMm<DwmmTv>£ 

Ol:bfc 7 0 c c cDe^kyj^fC^^SrAtlT 1 6 

oo c CT?^i6bTa!i^-y->y;u<!:bfec ^co+i->7 p ;^ 

b, €iBan?C«IS*«r*»fc. 900~1600 , CG)ta 
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[0033] ^mm&^mmiwcf^ 5 \z vrc* is? 

7.£*&#LT 2 8 3 0 nm<D7)V^ 1 0 0 0 nm 
2mm, g$2 0 0mm, 8t£ 9mmCDS^K#— He 



[0034] mmz<Dwm-myo)£. 5 \z ufeo is^is 

mm, JSfS 1 5mmOPJtt©D7 F£f£MU 2 5*C 

8!I5£U 5 or^?, 3 5 owmvffiffi&zfflmisfco 

[0035] &m&<DwmwrFv><£ ? \z b^o 

[0 0 3 6] £#ft©«l5&^^lfc*l^ 



JO 



zm^z&o \z, mm® i ~ns£#i 6 <£>#^Mj&&te 
i/^-rnt), ssfessfii 6 o o'c^Tfco, f^as 

(Tw) t$v£MM (Tl) tOHfW*. Tw-Tl^l 5 
■C W5„ ^7XG)^^.fi6 6 O'CRiil?* 

0, 5 0~3 5 0r<D¥i%S3P&a8 0~9 OX 1 0" 7 

/c^^feo -r&fc>-££n£©;tf^x*afi£te> pdp 

[0 0 3 7] &i5, ^l*5<fc^2CDIB^(iE/ > TOjlD 

N.W. F »yh7-^7t-7-) =Si0 2 +Ah 
Oj + ZtOj 

R 2 0=L ijO+NajO+KjO 
R' 0=MgO+CaO+SrO+BaO 
[0 0 3 8] 

mi) 



mm 



88^$ (xkt'a:) 

itS(g/rW ) 



1 


2 


3 


4 


5 


6 


1587 


1562 


1562 


1583 


1592 


1564 


1156 


1147 


1163 


1164 


1180 


1164 


671 


669 


683 


687 


669 


685 


1112 


1110 


1113 


1115 


1102 


1121 


86.4 


88.3 


85.9 


82.6 


88.0 


846 


2.71 


2.74 


2.72 


2.74 


2.71 


2.73 



[0 0 3 9] 



SiC>2 53.5 53.0 54.0 53.0 54.0 54.0 

AhOs 14.0 13.0 13.0 13.0 12.0 13.0 

Z r O2 3. 0 5. 0 5. 0 5. 0 5. 0 4. 0 

B2O3 0.0 0.0 0.1 0.0 0.0 0.0 

Li 2 0 0.1 0.0 0.0 0.0 0.0 0.0 

Na 2 0 5.4 6.0 5.5 5.0 4 5 5.0 

K2O 5.0 5.5 5.5 6.0 7.5 5.0 

MgO 3.5 2.5 4.0 2.0 5.0 4.4 

CaO 40 4 0 4.4 6.0 4 0 45 

S r O 3. 5 4 0 3. 5 3. 5 1.0 4. 0 

BaO 8.0 7.0 5.0 6.4 7.0 6.0 

T i O2 0. 0 0. 0 0. 0 0. 1 0. 0 0. 0 

ZnO " " 0.0 0.0 0.0 0. 0 0.0 0.1 

N. W. F 70. 5 71. 0 72. 0 71. 0 71. 0 71. 0 

R2O 10.5 11.5 11.0 11.0 12.0 10.0 

R' O 19.0 17.5 16.9 17.9 17.0 18.9 

»2] 
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1222 


1256 


1690 


1663 


(marncc) 


924 


951 


1220 


1203 




666 


670 


675 


660 




1321 


1265 


1197 


1188 


(xio rC) 


82.0 


87. 0 


87.0 


81. 0 


ttmCg/ninr ) 


3. 05 


3.42 


2.42 


2. 50 


SiOz 


43. 0 


37.0 


62.8 


63.4 


Alz 0s 


9.0 


12.0 


16.5 


7.9 


Z r O2 


0. 0 


0.0 


0. 0 


0.0 


B2O3 


0.0 


0. 0 


0.0 


0.0 


L 1 2O 


0.0 


0. 0 


0.0 


0.0 


Na 2 O 


1.0 


1. 0 


6.7 


1.9 


K20 


0.0 


0. 0 


4 ^x 

10. 2 


13.2 


MgO 


7.5 


5. 0 


3.4 


3.8 


C aO 


7. 5 


5. 0 


0.3 


7.8 


S r O 


16. 0 


20.0 


0.0 


0.8 


BaO 


16.0 


20.0 


0.0 


1.2 


T i O2 


0.0 


0.0 


0.0 


0.0 


ZnO 


0.0 


0.0 


0.0 


0.0 


N. W. F 


52.0 


49.0 


79.3 


71.3 


R2O 


1.0 


1.0 


16.9 


15.1 


R' O 


47.0 


50.0 


3.7 


13.6 



to 04 0] imm 

3k 2 \z?n lytzimm 1 ~Jt$S$tJ 4 ©#^x&^£|i3S 

<fct^itfe0!i2(D^x^ ^nw&iw^o - 2 5 5 3 
5 5Wjm&&rMmw-9 - 2 5 5 3 5 6^mz.m^ 

coo4i] - ^tmrnzte^xSimMAO)*'?-*^ 

tt^tlWm-S - 3 0 1 7 3 2WiM&£.Zfiim¥-9 
-30 1 7 3 3^$gKM^$ttT^3*afijm f^i. 



1 7 0 0-Cjfi<Tf. f^aftdU 2 0 0'CRJt<D7c 
[0 04 2] 

So 

[0043] *^a©j{f9xia«««a. mm 
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#) 4G062 AA18 


BB01 


DA06 


DB04 


DC01 




DC02 


DC03 


DD01 


DE01 


r\PAA 

DE02 




DE03 


DF01 


EA01 


EA02 


EB01 




EB02 


EB03 


EC01 


r\/>A d™\ 

EC02 


EC03 




ED01 


ED02 


ED03 


EE03 


EF01 




EF02 


EF03 


EG03 


#X A 

EG04 


ft •* 

FA01 




FB01 


FB02 


FB03 


FC03 


FD01 




FE01 


FF01 


FG01 


FH01 


FJ01 




FK01 


FL01 


GA01 


GA10 


GB01 




GB02 


GC01 


GD01 


GE01 


HH01 




HH03 


HH05 


HH07 


HH09 


HH11 




HKL3 


HH15 


HH17 


HH20 


JJ01 




JJ03 


JJ04 


JJ05 


JJ07 


JJ10 




KK01 


KK03 


KK05 


KK07 


KK10 




MM27 


NN30 


NH31 








5C040 GA09 


JA40 


KA10 


KB11 


MA22 




MA25 
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